Background: Due to the success of antiretroviral therapy (ART), it is relevant to ask whether death rates in optimally treated HIV are higher than the general population. The objective was to compare mortality rates in well controlled HIV-infected adults in the SMART and ESPRIT clinical trials with the general population.
Introduction
Due to the success of antiretroviral therapies (ART), which have become simpler, less toxic and more effective, mortality in HIV-infected people has declined to such an extent [1] [2] [3] that it is now appropriate to investigate if death rates in optimally treated people with persistently undetectable HIV RNA levels (using conventional assays) and high CD4 þ T-cell count are actually raised compared with that in the general population. Cohort studies have previously reported that the mortality experience of HIVinfected individuals who start ART and survive the first 6 months continues to be higher than in the general population [4] . However, recent observational cohort studies have also shown that estimated life expectancy for low-risk HIV-infected individuals established on ART who survive the first 6 months after treatment initiation approached that of HIV noninfected individuals [5] , and that in a select group of HIV-positive individuals in a French cohort (CD4 þ T-cell count 500 cells/ml), mortality reached the level of the general population after the sixth year of ART [6] . Recent data from a large European collaborative cohort found that mortality rates in male non-IDUs with CD4
þ T cells at least 500 cells/ml were similar to the general population [7] . Similar data are also available from developing countries, with one study [8] in four sub-Saharan African countries reporting similar death rates to the general population in individuals who started ART with more than 200 cells/ml and who survived the first year of ART, although in this study the reference rates for mortality for the general population were unlikely to be accurate and loss to follow-up substantial. Further cohort data from Uganda report considerably higher death rates in the HIV-infected population than in Western Europe and North America, but this was comparable to Ugandan data on general population death rates, albeit with substantial variability among patient subgroups [9] .
A concern with data from observational cohorts and clinic databases is the degree of completeness of death ascertainment. It is important to study these issues with data from studies in which considerable effort was taken to ascertain vital status. Such was the case in both the Strategies for Management of Antiretroviral Therapy (SMART) and Evaluation of Subcutaneous Proleukin in a Randomized International Trial (ESPRIT) studies [10] [11] [12] . The aim of this study was therefore to compare mortality rates in HIV-infected adults with recent or current well controlled HIV [viral load 400 copies/ml (SMART) or viral load 500 copies/ml (ESPRIT) and CD4 þ T-cell count 350 cells/ml] with mortality in the general population. For this analysis, we focused on the control arms in each study, as these reflected the now standard-of-care for the management of HIV infection.
Materials and methods
The SMART and ESPRIT study protocols were approved by the institutional review board (IRB) or ethics committee at each clinical site and at the University of Minnesota.
The methods and results of SMART [10] and ESPRIT [11, 12] have been published elsewhere. In brief, in SMART, 5472 individuals with CD4 þ T-cell counts above 350 cells/ml were enrolled from 318 sites in 33 countries. Individuals were randomized to one of two ART arms: the viral suppression arm involved continuous use of antiretroviral drugs, whereas the drug conservation arm involved CD4 þ T-cell guided interruptions of therapy when CD4 þ T-cell counts were more than 350 cells/ml and reinitiation of therapy when CD4 þ T-cell counts were less than 250 cells/ml. Enrolment was discontinued on 11 January 2006 following the recommendation of the study's independent data and safety monitoring board (DSMB) because of an observed increased risk of opportunistic disease and death in the drug conservation arm compared with the viral suppression arm. ART-experienced individuals in the drug conservation arm were subsequently recommended to reinitiate ART.
The primary endpoint in SMART was the development of new or recurrent opportunistic disease or death from any cause. Using preestablished criteria, an end-point review committee that was unaware of the treatment assignments reviewed the events and classified as opportunistic disease, death from any cause or major cardiovascular, hepatic or renal disease. The end-point review committee classified the underlying cause of death using the Coding of Death in HIV (CoDe) project system (http://www.cphiv.dk/code/tabid/55/default.aspx). A total of 85 deaths were observed, 30 in the viral suppression group (0.8 per 100 person-years).
ESPRITwas a multicentre, international trial. Individuals with CD4
þ T-cell count more than 300 cells/ml were randomly assigned, in equal numbers, to receive interleukin-2 along with ART or ART alone. The primary endpoint was new or recurrent HIV disease progression or death. Overall, 4111 individuals (2071 receiving interleukin-2 along with ART and 2040 receiving ART alone) were enrolled. Of those randomized to the control arm, 116 died during follow up.
This analysis included individuals from the continuous ART control arms of SMART and ESPRIT (Fig. 1) . Those aged less than 20 or at least 70 years at randomization were excluded, as were IDU individuals. Individual follow-up was included if the person currently had both suppressed viral load (400 copies/ml in SMART, 500 copies/ml in ESPRIT) and CD4 þ T-cell count at least 350 cells/ml, or had been in this situation in the past 6 months. Follow-up was censored at the last visit, or at age 70 years.
Standardized mortality ratios (SMRs) were calculated by comparing death rates with those for the general population, stratified by country, age and sex. General population death rates were obtained from the Human Mortality Database (University of California, Berkeley, USA and Max Planck Institute for Demographic Research, Germany; available at www.mortality.org or www.humanmortality.de; data downloaded on 24 August 2011). The analysis was restricted to individuals in countries for which such data were available in the Human Mortality Database.
Our main analysis (analysis A) includes follow-up if individuals had had concurrent viral suppression and CD4
þ T-cell count of at least 350 cells/ml at some point in the past 6 months. Two additional sensitivity analyses were also conducted, firstly (analysis B) restricting to follow-up in which there is concurrent viral suppression and CD4
þ T-cell count of at least 350 cells/ml according to the most recently measured values, and secondly (analysis C) expanding to follow-up in which there has previously been concurrent viral suppression and CD4 þ T-cell count of at least 350 cells/ml at any time since enrolment. All P values are two-sided and analyses were performed using SAS version 9.1 (SAS Institute, Cary, North Carolina, USA).
Results
A total of 3280 individuals contributed follow-up time to the analysis, 1971 (60.1%) from SMART and 1309 (39.9%) from ESPRIT ( Table 1) . Of these, 665 (20.3%) were women and 2615 (79.7%) men. The median age at randomization was 43 years [interquartile range (IQR) 37-50 years]. At randomization, 2516 (76.7%) had a suppressed viral load (400 copies/ml SMART, 500 copies/ml ESPRIT). The median (IQR) CD4 þ T-cell count at randomization was 535 (420-724) cells/ml and the median (IQR) observed nadir CD4 þ T-cell count was 228 (120-341) cells/ml. In terms of viral hepatitis coinfections, 4.4% had hepatitis B virus (HBV) infection and 7.7% had hepatitis C virus (HCV) infection. Twenty-five percent had a previous AIDS-defining illness (ADI) prior to randomization. Most individuals were recruited from North America (1746, 53.2%) and Europe (1314, 40.1%). The others were recruited from Australasia (178, 5.4%), Asia (18, 0.6%) and South America (24, 0.7%).
Individuals contributed a total of 12 357 person-years of eligible follow-up to the main analysis. The median length of follow-up was 3.1 years (IQR 1.9-5.5). Sixtytwo deaths occurred during follow-up, giving an overall mortality rate of 5.02 per 1000 person-years [95% confidence interval (CI) 3.85-6.43]. The commonest cause of death was cardiovascular disease (CVD) or sudden death (19, 31%), followed by non-AIDS malignancy (12, 19%) , unnatural deaths (accident, suicide or violent death) in 11 cases (18%), non-AIDS and nonhepatitis infection (six, 10%) and liver disease (five, 8%). Only two deaths (3%) were AIDS-related. The cause of death was unknown in one case (2%) ( Table 2) . Table 3 shows the observed death rates and SMRs standardized by age and sex and country for the main analysis (A) and the two sensitivity analyses (B) and (C). For the main analysis, 62 deaths were observed in 12 357 years of follow-up, giving an overall SMR of 1.24 (95% CI 0.95-1.59). For individuals with a CD4 þ T-cell count between 350 and 499 cells/ml, 28 deaths were observed (against 16 expected) in 3729 years of follow up, indicating that mortality rate was increased compared with the background population (SMR 1.77, 95% CI 1.17-2.55). However, for individuals with CD4 þ T-cell counts above 500 cells/ml, no evidence for increased mortality was seen with an SMR of 1.00 (95% CI 0.69-1.40). In the first sensitivity analysis (B), the SMR overall was similar to the background population at 1.00 (95% CI 0.73-1.34). No increased mortality was found in stratification by CD4 þ T-cell counts. In the second sensitivity analysis (C) in which the data were not censored on the basis of viral load or CD4 þ T-cell counts after meeting our eligibility criteria, we found that overall SMR increased compared with the general population (1.57, 95% CI 1.26-1.94). SMR was also increased in those with CD4 þ T-cell count 350-499 cells/ml, but was only marginally above one for CD4 þ T-cell count of at least 500 cells/ml (1.22, 95% CI 0.89-1.64). No significant differences in SMR were seen by CD4 nadir count. Overall, in those who had a nadir CD4 cell count less than 200 or more than 200 cells/ml, SMRs were 1.37 (95% CI 0.94-1.92) and 1.13 (95% CI 0.75-1.62), respectively. In those with a current CD4 cell count of more than 500 cells/ml, even when the analysis was restricted to those with nadir CD4 cell count less than 200 cells/ml, the SMR was still close to 1 (SMR 1.18, 95% CI 0.68-1.92).
Discussion
In non-IDU individuals in the continuous ART control arms of the ESPRIT and SMART trials, we identified no evidence for a raised risk of death compared with the general population in HIV-infected individuals on ART, with an undetectable viral load, who maintained or had recovery of CD4 þ T-cell counts to at least 500 cells/ml. Comparable mortality rates between select patient groups with well controlled HIV infection and the general population have been previously documented in observational cohort studies from developed and developing countries [5] [6] [7] [8] [9] ; however, the degree of completeness of ascertainment of deaths data remains a concern with cohort studies and might have resulted in underestimation of death rates. Vital status was unknown for 5.4% of individuals in ESPRIT and 4.2% of individuals in SMART.
Caution is required in interpreting our results due to a number of likely confounders, both measured and unmeasured. Bias could also result because our analysis selects those who enter trials and successfully achieve sustained viral suppression, and a CD4 þ T-cell count of at least 500 cells/ml who are likely to be a subset of the population with higher health-seeking behaviour, intervention-adherent behaviour and interest in their own health. They may also have a socioeconomic status different from the general population. However, the broad trial inclusion criteria, the relatively low intensity schedule for individuals and the fact that viral suppression on ART and CD4 þ T-cell rise to at least 500 cells/ml has become the norm for most individuals whether in clinical trials or not may limit this bias. In addition, as HIVinfected people tend to be more likely to be smokers than in the general population [13, 14] and have other risk behaviours that impact on health such as excess alcohol intake [15] and poorer psychological health [16, 17] , confounding that could have resulted in a bias in either direction.
However, as the ESPRIT study was initiated in the year 2000, and the SMART study in 2002, many patients were exposed to therapeutic agents with greater toxicities than ART most commonly used in 2012. It is possible that patients initiating ART today have even better long-term outcomes than those observed in the ESPRIT and SMART study cohorts.
Current CD4
þ T-cell count (and suppressed HIV viral load) are strong predictors of opportunistic disease as well as other non-AIDS related deaths [1, 2, 18, 19] . In our study, individuals who had current or recent CD4 þ T-cell counts above 500 cells/ml had no evidence of increased overall mortality compared with the general population. In contrast, those who had CD4 þ T-cell counts between 350 and 499 cells/ml had evidence of higher mortality rates. This is comparable with data from other studies demonstrating that CD4 þ T-cell count remains a dominant prognostic factor for mortality among HIVinfected individuals even as time on ART increases [20] and even among those with viral load suppression. French cohort data also showed that achieving a CD4 þ T-cell count of 500 cells/ml was associated with the same rates of mortality as among the general population after 6 years after ART, whereas among individuals with a CD4 þ T-cell count between 350 and 499 cells/ml, mortality remained higher than in the general population [6] . Our data support the importance of early diagnosis and treatment to improve clinical outcomes, and it is likely that much of the excess mortality associated with HIV would be preventable with timely diagnosis of HIV and initiation of ART [21] . In individuals who start ART at a CD4 þ T-cell count less than 200 cells/ml, full reconstitution and normalization of CD4 þ T-cell count above 500 cells/ml is unlikely to be achieved even after several years of ART therapy [20, 22] . In addition, optimizing individual patient responses to ART is vital through addressing factors that affect adherence and developing effective interventions to improve adherence and therefore long-term outcomes [23] .
An important clinical question currently is whether people with HIV and CD4 þ T-cell count above 350 cells/ml should initiate therapy immediately or defer until the CD4 þ T-cell count is around 350 cells/ml. Absolute risks of serious events and death are low in such people, whether on ART or not. A similar analysis to that presented here has previously been reported from a cohort, which focussed on ART-naive people with high CD4 þ T-cell count. In MSM with CD4 þ T-cell count above 500 cells/ml, there was no evidence of increased risk compared with the general population [24] . The balance of the risks and benefits of starting ART in this group is likely to be too fine to be reliably determined on the basis of data from observational studies and analyses, such as the one we present here. It needs to be assessed in randomized trials, such as the ongoing START trial, which is randomizing people with CD4 þ T-cell count at least 500 cells/ml, to immediate ART versus deferral to CD4 þ T-cell count reaching 350 cells/ml [25] .
The role of chronic inflammation in driving disease in treated adults has been a strong focus of investigators working with the SMART and ESPIRIT cohorts. These studies have consistently found that markers of inflammation [e.g. interleukin (IL)-6 and sCD14] and coagulation (D-dimers) are elevated among treated individuals (as compared with well matched uninfected adults) and strongly associated with subsequent morbidity and mortality [26] . Moreover, there have been limited associations between the proximal CD4 þ T cells and inflammation/coagulation markers in these studies. These data collectively suggest that mechanistic pathways not captured by viral load and CD4
þ T-cell count data might contribute to higher than expected morbidity and mortality in treated individuals. On the basis of these observations, it might be expected that inflammation might remain elevated among individuals who have maintained viral suppression and high CD4 þ T-cell counts (500 cells/ml) and that this might predict excess disease. Of note, emerging data from the study of human ageing suggest that the cumulative harm associated with persistently low-level inflammation may only become Table 3 . Observed death rates and standardized mortality ratios standardized by age and sex and country for the main analysis (A) and the two sensitivity analyses (B) and (C).
Overall
Most recent eligible CD4 þ T-cell count (cells/ml) apparent as people enter their sixth and later decades of life [27] . It remains a distinct possibility that excess morbidity and mortality among optimally treated adults may hence only become apparent as the current generation of treated HIV-infected individuals age.
Few deaths were directly related to HIV in our study. The commonest cause of death was CVD or sudden death, followed by non-AIDS malignancies. The impact of chronic viral hepatitis was also evident and reflects the increased contribution of this to mortality in the postARTera, although our study excluded IDUs who remain the group most at risk of viral hepatitis coinfection [28] . Suicide and accident or other violent death were also apparent and may reflect the recognized increased prevalence of poor psychological health and mental health disorders in the HIV-infected population compared with the background population, although this most frequently affects HIV-infected persons who are also IDUs [16, 17] .
Further study limitations include that power is limited by the person time and number of deaths observed in the two studies. Finally, our primary analysis in which follow-up was not censored 6 months after loss of virus control or a decline in CD4 þ T-cell counts may have resulted in exclusion of meaningful events; some individuals stop therapy or become less adherent as they develop significant morbidity, which could have resulted in exclusion of their follow-up when they died, and hence also of their death. Also, many chronic diseases such as cancer result in decline in CD4 þ T-cell counts, which raises concerns that the overall health of treated adults may be less robust than that indicated in our primary analysis. However, even in our analysis in which no censoring was used, the SMR was still not markedly above 1 (1.22, 95% CI 0.89-1.64).
In conclusion, we found using data from the SMART and ESPRIT randomized controlled trials (RCTs) that in (non-IDU) HIV-infected individuals on ART, with an undetectable viral load, who maintained or had recovery of CD4 þ T-cell counts to at least 500 cells/ml, there was no evidence for a raised risk of death compared with the general population.
